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ABSTRACT
P e r i p h e r a l  b l o o d  s a m p l e s  f r o m  23 a u t i s t i c  o r  a u t i s t i c - l i k e  
p a t i e n t s  ( 1 9  m a l e s ,  4 f e m a l e s )  a g e d  fro m  5 - 2 0  y e a r s ,  w e re  ex a m in e d  f o r  
t h e  p r e s e n c e  o f  t h e  f r a g i l e  X ch ro m o so m e .  The f r a g i l e  X wa s o n l y  f o u n d  
i n  o n e  19 y e a r  o l d  a u t i s t i c - l i k e  m a l e .  I t s  f r e q u e n c y  v a r i e d  fr o m  4-28% 
d e p e n d i n g  upon  c u l t u r e  c o n d i t i o n s .  I n  a s u b s e q u e n t  f a m i l y  s t u d y ,  i t  
was f o u n d  t h a t  h i s  14 y e a r  o l d  s i s t e r  i s  a c a r r i e r  o f  t h e  F r a g i l e  X 
Syndrom e.  The f r a g i l e  X c o u l d  n o t  be  c o n c l u s i v e l y  d e m o n s t r a t e d  i n  
t h e i r  m o t h e r .
A l t h o u g h  t h e  p a t i e n t  p o p u l a t i o n  was n e i t h e r  a c o m p l e t e  n o r  random 
s a m p l e ,  t h e  r e s u l t s  s u g g e s t  t h a t  t h e  f r a g i l e  X chromosome i s  n o t  a 
common f a c t o r  i n  t h e  e t i o l o g y  o f  a u t i s m .  The one p o s i t i v e  c a s e  h a s  t h e  
c h a r a c t e r i s t i c  f a c i e s ,  e a r s  and r a a c r o o r c h i d i s m  a s s o c i a t e d  w i t h  t h e  
F r a g i l e  X S y nd r o m e .  I t  i s  t h e r e f o r e  s u g g e s t e d  t h a t  s c r e e n i n g  f o r  t h i s  
chrom os ome d e f e c t  s h o u l d  b e  l i m i t e d  t o  t h o s e  a u t i s t i c  o r  a u t i s t i c - l i k e  
p a t i e n t s  w i t h  a t  l e a s t  o n e  o f  t h e  p h e n o t y p i c  a b n o r m a l i t i e s  a s s o c i a t e d  
w i t h  t h e  F r a g i l e  X Syndrome o r  w i t h  a f a m i l y  h i s t o r y  s u g g e s t i v e  o f  
X - l i n k e d  r e t a r d a t i o n .
viii
THE FREQUENCY OF THE FRAGILE-X CHROMOSOME IN TWENTY-THREE AUTISTICS
FROM EASTERN VIRGINIA
INTRODUCTION
The e x c e s s  o f  m a l e s  i n  i n s t i t u t i o n s  f o r  t h e  m e n t a l l y  r e t a r d e d  was  
f i r s t  n o t e d  by P e n r o s e  ( 1 9 3 8 )  i n  h i s  summary o f  1 2 8 0  c a s e s .  S i n c e  t h a t  
t i m e ,  many r e p o r t s  h a v e  p u b l i s h e d  t h e  same f i n d i n g .  L e h r k e  ( 1 9 7 4 )  
d o c u m e n te d  an  e x c e s s  o f  m a l e s  o v e r  f e m a l e s  r a n g i n g  from 20-80% i n  b o t h  
i n s t i t u t i o n a l i z e d  and n o n - i n s t i t u t i o n a l i z e d  p o p u l a t i o n s .  A f t e r
s t u d y i n g  a f a m i l y  w i t h  two g e n e r a t i o n s  o f  m e n t a l  r e t a r d a t i o n ,  M a r t i n  
and B e l l  ( 1 9 4 3 )  p u b l i s h e d  t h e  f a m i l y ' s  p e d i g r e e  and p r o p o s e d  X - l i n k e d  
i n h e r i t a n c e  a s  t h e  mode o f  t r a n s m i s s i o n  f o r  t h e  m e n t a l  r e t a r d a t i o n .  At  
t h a t  t i m e ,  t h e i r  syn drom e c o u l d  n o t  b e  p h e n o t y p i c a l l y  d i s t i n g u i s h e d  
fr om  o t h e r  f o r m s  o f  m e n t a l  r e t a r d a t i o n .  R e n p e n n i n g  ( 1 9 6 2 )  a l s o  
p r o p o s e d  X - l i n k e d  i n h e r i t a n c e  a s  t h e  c a u s e  f o r  m e n t a l  r e t a r d a t i o n  i n  
a n o t h e r  f a m i l y .  T h i s  f a m i l y  w a s  l a t e r  r e s t u d i e d  b y  Fo x  e t  a l . ( 1 9 8 0 )
and t h i s  form o f  X - l i n k e d  m e n t a l  r e t a r d a t i o n  i s  now c a l l e d  R e n p e n n i n g  
Syndrom e to  d i s t i n g u i s h  i t  from M a r t i n - B e l l  S y n d r o m e .  A m a r k e r  X 
ch rom osom e w a s  f i r s t  r e p o r t e d  by L ub s  ( 1 9 6 9 )  i n  f o u r  m e n t a l l y  r e t a r d e d  
m a l e s  and t h r e e  n o r m a l  f e m a l e s  i n  a f a m i l y  w i t h  a h i s t o r y  s u g g e s t i v e  o f  
X - l i n k a g e .  The i m p o r t a n c e  o f  L u b s '  f i n d i n g  w e n t  u n a p p r e c i a t e d  f o r  some 
t i m e .  G ir a u d  e t  a l . ( 1 9 7 6 )  a g a i n  f o u n d  t h e  m a r k e r  X ch rom osome i n  a
s t u d y  o f  c o n s t i t u t i o n a l  ch romosome b r e a k a g e .  In  1 9 7 7 ,  H a r v e y  e t  a l . 
a l s o  fo u n d  th e  m a rker  X I n  a s t u d y  o f  f o u r  f a m i l i e s  i n  w h i c h  b o t h  
r e t a r d e d  m a l e s  and some o f  t h e i r  m e n t a l l y  n o r m a l  m o t h e r s  had a " f r a g i l e  
s i t e "  on  t h e  end o f  t h e  l o n g  arm o f  t h e i r  X ch r o m o s o m e .  S u t h e r l a n d
( 1 9 7 7 )  p r o v i d e d  t h e  k e y  f o r  t h e  c o n f i r m a t i o n  o f  h u b ' s  o r i g i n a l  r e p o r t  
w i t h  t h e  d i s c o v e r y  t h a t  t h e  X ch romosome f r a g i l e  s i t e  was o n l y  
e x p r e s s e d  i n  p a r t i c u l a r  t i s s u e  c u l t u r e  m e d i a .  S u c h  m e d i a  w e re  n o t  
e m p l o y e d  by m o s t  c y t o g e n e t i s t s  i n  t h e  l a t e  ' 7 0 " s ,  b u t  had b e e n  em p lo y ed  
by Lubs  a d e c a d e  e a r l i e r .
The o v e r a l l  p e r c e n t a g e  o f  m e n t a l  r e t a r d a t e s  w i t h  t h e  f r a g i l e  X 
sy n d r o m e  i s  n o t  f i r m l y  e s t a b l i s h e d ,  b u t  f o r  m a l e s ,  i t s  f r e q u e n c y  may be  
s i m i l a r  to  t h a t  o f  Down Syndrome ( G e r a l d ,  1 9 8 0 ) .  The p o p u l a t i o n  
f r e q u e n c y  o f  a l l  f o r m s  o f  X - l i n k e d  m e n t a l  r e t a r d a t i o n  h a s  b e e n  
e s t i m a t e d  a t  9 . 2  p e r  1 0 , 0 0 0  m a l e s  ( H e r b s t  and M i l l e r ,  1 9 8 0 ) .  I f  one  
h a l f  o f  t h e s e  h a v e  t h e  F r a g i l e  X S y n d ro m e ,  t h e  f r e q u e n c y  o f  t h e  d i s e a s e  
may a p p r o a c h  o n e  p e r  2 0 0 0  m a l e s .  S u t h e r l a n d  ( 1 9 8 3 )  h a s  c a u t i o n e d  t h a t  
a l l  e s t i m a t e s  o f  t h e  g e n e  f r e q u e n c y  f o r  t h e  F r a g i l e  X Syndrome a r e  to 
some d e g r e e  u n r e l i a b l e  b e c a u s e  t h e  s t a n d a r d  a s s u m p t i o n s  u s e d  t o  make 
e s t i m a t e s  i n v o l v i n g  X - l i n k e d  d i s e a s e s ;  i . e . ,  t h a t  t h e  c o n d i t i o n  i s  
f u l l y  r e c e s s i v e  i n  t h e  f e m a l e  and  r e p r o d u c t i v e l y  l e t h a l  i n  t h e  m a l e ,  do  
n o t  f u l l y  a p p l y  t o  t h e  F r a g i l e  X S y n d ro m e .  The f r a g i l e  X h a s  now b e e n  
f o u n d  i n  m o s t  c o u n t r i e s  and r a c i a l  g r o u p s  ( H e r b s t  and M i l l e r ,  19 8 0 ;  
H o w a r d - P e e b l e s  and S t o d d a r d ,  1 9 8 0 b ;  J a c o b s  e t  a l . ,  1 9 8 0 ;  K a i s er -M cC a w  
e t  a l . , 1 9 8 0 ;  M a t t e i  e t  a l . ,  1 9 8 1 ;  B l o m q u i s t  e t  a l . ,  1 9 8 2 ;  R h o a d s  e t  
a l . , 1 9 8 2 ;  and G a rd ner  e t  a l . ,  1 9 8 3 ) .  T u r n e r  ej: a l .  ( 1 9 7 5 )  s e a r c h e d  
f o r  p h y s i c a l  a b n o r m a l i t i e s  a s s o c i a t e d  w i t h  X - l i n k e d  m e n t a l  r e t a r d a t i o n  
and fo und  many a f f e c t e d  m a l e s  t o  h a v e  t e s t i c u l a r  e n l a r g e m e n t  
( " m a c r o o r c h i d i s m "  o r  " m e g a l o t e s t e s " )  w i t h o u t  e v i d e n c e  o f  an
e n d o c r i n o l o g i c a l  d i s t u r b a n c e .  M a c r o o r c h i d i s m ,  m e n t a l  r e t a r d a t i o n ,  and 
t h e  f r a g i l e  X chrom os ome w e r e  c o n s i d e r e d  by S u t h e r l a n d  and A s h f o r t h  
( 1 9 7 9 )  to  r e p r e s e n t  a d i a g n o s t i c  t r i a d .  H o w e v e r ,  i t  now a p p e a r s  t h a t
X - l i n k e d  m e n t a l  r e t a r d a t i o n  w i t h  m a c r o o r c h i d i s m  c a n  e x i s t  w i t h o u t  th e  
f r a g i l e  X chrom osome ( H e r b s t  e t  a l .  , 1 9 8 1 ;  F i s h b u r n  e t  a l . ,  1 9 8 3 ) .
T u r n e r  e t  a l . ,  ( 1 9 8 0 a )  p r o p o s e d  a c l i n i c a l  syn dr om e i n  f r a g i l e  X m a l e s  
co m p o se d  o f  s e v e r a l  f e a t u r e s  i n c l u d i n g  m e n t a l  r e t a r d a t i o n  r a n g i n g  from  
m i l d  to  s e v e r e ,  s p e e c h  d e l a y ,  b e h a v i o r  p r o b l e m s  w i t h  some c a s e s  
l a b e l l e d  a u t i s t i c ,  and c h a r a c t e r i s t i c  f a c i a l  a p p e a r a n c e .  The
c h a r a c t e r i s t i c  f a c i e s  i n c l u d e  a p r o m i n e n t  f o r e h e a d ,  e n l a r g e d  c h i n ,  l o n g  
f a c e ,  and l a r g e  a n t e - f l e x e d  e a r s .  The m e n t a l  s t a t u s  o f  f e m a l e s  w i t h  
t h e  f r a g i l e  X i s  v a r i a b l e .  The e x p r e s s i o n  o f  X f r a g i l i t y  may be  
i n v e r s e l y  r e l a t e d  t o  a g e  and f r a g i l e  X ' s  a r e  more f r e q u e n t l y  f o u n d  i n  
r e t a r d e d  h e t e r o z y g o t e s  t h a n  i n  c a r r i e r s  o f  n o r m a l  i n t e l l i g e n c e
( S u t h e r l a n d ,  1 9 7 9 b ;  I l o w a r d - P e e b l e s ,  1 9 8 0 a ;  J a c o b s  e t  a l . , 1 9 8 0 ;
T u r n e r  ejt a l .  , 1 9 8 0 b ;  S c h m i d t ,  1 9 8 2 ;  T u r n e r ,  1 9 8 2 ) .  The f r a g i l e  X
chrom osom e ( X q 2 7 )  h a s  u s u a l l y  b e e n  s t u d i e d  i n  p r e p a r a t i o n s  from  
l y m p h o c y t e  c u l t u r e s .  I t  h a s  a l s o  b e e n  d e m o n s t r a t e d  i n  l y r a p h o b l a s t o i d  
c e l l  l i n e s  ( J a c o b s  e t  a l . ,  1 9 8 2 ;  C a n tu  and J a c o b s ,  1 9 8 2 ) ,  f i b r o b l a s t s  
( J a c k y  and D i l l ,  1 9 8 0 ;  Tommerup e t  a l . , 1 9 8 1 )  s o m a t i c  c e l l  h y b r i d s  
( B r y a n t  e t  a l .  , 1 9 8 3 ;  Nussbaum e_t a l . ,  1 9 8 3 ) ,  and p r e n a t a l l y  i n  f e t a l  
b l o o d  (Webb e t  a l . ,  1 9 8 1 )  and c u l t u r e d  a m n i o t i c  f l u i d  c e l l s  ( J e n k i n s  e t  
a l . , 1 9 8 1 ;  and S h a p i r o  e t  a l . ,  1 9 8 2 ) .  The f r a g i l e  X i s  g e n e r a l l y
f o u n d  i n  3-61% o f  l y m p h o c y t e  m e t a p h a s e s  from m a l e s  w h i l e ,  f o r  t h e  same  
c e l l  t y p e ,  i t  i s  fo u n d  a t  f r e q u e n c i e s  b e t w e e n  0 . 5 - 3 8 %  i n  c a r r i e r  
f e m a l e s ,  and f r e q u e n t l y  c a n n o t  b e  d e m o n s t r a t e d  i n  o b l i g a t e  c a r r i e r
f e m a l e s  ( T a r i v e r d i a n  and Week,  1 9 8 2 )  .
F . x p r e s s i o n  o f  X f r a g i l i t y  c a n n o t  be  e l i c i t e d  i n  a l l  t i s s u e  c u l t u r e  
m e d i a .  S u t h e r l a n d  ( 1 9 7 7 ,  1 9 7 9 a )  showed t h a t  Medium 1 9 9 ,  a medium 
r e l a t i v e l y  d e f i c i e n t  i n  f o l i c  a c i d  and t h y m i d i n e ,  wa s  th e  medium o f
c h o i c e  f o r  f r a g i l e  X e x p r e s s i o n .  The a d d i t i o n  o f  f o l i c  a c i d ,  f o l i n i c  
a c i d ,  t h y m i d i n e ,  o r  5 - b r o m o - 2  ' - d e o x y u r  i d i n e  (BUdR) t o  Medium 199  
i n h i b i t e d  e x p r e s s i o n  o f  t h e  f r a g i l e  X ( S u t h e r l a n d ,  1 9 7 9 a ) .  G l o v e r  
( 1 9 8 1 )  c o n f i r m e d  th e  i n h i b i t o r y  e f f e c t s  o f  f o l i c  a c i d ,  t h y m i d i n e ,  and 
BUdR o n  f r a g i l e  X e x p r e s s i o n .  I n h i b i t o r s  o f  f o l a t e  and t h y m i d i n e  
m e t a b o l i s m ,  m e t h o t r e x a t e  (MTX) and 5 - f l o u r o - 2 " - d e o x y u r i d i n e  (FUdR) w e re  
f o u n d  t o  i n d u c e  f r a g i l e  X e x p r e s s i o n  when a d d e d  t o  m e d i a  c o n t a i n i n g  
f o l i c  a c i d ,  b u t  n o t  t o  t h e  same e x t e n t  a s  t h e  a b s e n c e  o f  f o l i c  a c i d  d i d  
( S u t h e r l a n d ,  1 9 7 9 a ;  G l o v e r ,  1 9 8 1 ;  and Tommerup e_t a l . ,  1 9 8 1 ) .
B o t h  t h e  pH o f  t h e  c u l t u r e  medium and t h e  t i m e  o f  f o l i c  a c i d  and 
t h y m i d i n e  d e p r i v a t i o n  a r e  o t h e r  f a c t o r s  c r i t i c a l  f o r  f r a g i l e  X 
e x p r e s s i o n .  S u t h e r l a n d  ( 1 9 7 9 a )  fo u n d  a s i g n i f i c a n t  p o s i t i v e
c o r r e l a t i o n  b e t w e e n  t h e  pH a t  t h e  t i m e  o f  h a r v e s t  ( m a x i m i z e d  a t  pH 7 . 6 )  
and f r a g i l e  X e x p r e s s i o n  i n  medium 1 9 9 ,  and t h a t  t h e  c r i t i c a l  
d e p r i v a t i o n  t i m e  w a s  i n  t h e  l a s t  f e w  h o u r s  o f  c u l t u r e  i n d i c a t i n g  
f r a g i l e  s i t e  i n d u c t i o n  p r o b a b l y  o c c u r s  e i t h e r  i n  l a t e  S o r  i n  e a r l y  G2 
p h a s e s  o f  t h e  c e l l  c y c l e .  C u l t u r e  d u r a t i o n  a l s o  e f f e c t s  t h e  f r e q u e n c y
o f  f r a g i l e  X e x p r e s s i o n .  The f r e q u e n c y  i s  h i g h e r  a t  f o u r  d a y s  a s
com pared  t o  t w o ,  t h r e e ,  and f i v e  d a y s  ( H a r v e y  e t  a l . ,  1 977;  J a c o b s  e t  
a l . , 1 9 8 0 ;  J e n n i n g s  e t  a l . ,  1 9 8 0 ;  G u s t a v s o n  e_t a l . , 1 9 8 1 ;
H o w a r d - P e e b l e s  and P r y o r ,  1 9 8 1 ;  F o n a t s c h  and S c h w i n g e r ,  1 9 8 3 ;  and 
S u t h e r l a n d ,  1 9 8 3 ) .  U n t i l  r e c e n t l y ,  i t  was  b e l i e v e d  t h a t  X - l i n k e d  
m e n t a l  r e t a r d a t i o n  was  t h e  o n l y  syndrom e a s s o c i a t e d  w i t h  th e  f r a g i l e  X 
c h r o m o s o m e .  H o w e v e r ,  Brown e t  a l .  ( 1 9 8 2 a )  have shown t h a t  a u t i s m  may 
a l s o  be  a s s o c i a t e d  w i t h  t h e  F r a g i l e  X S y n d ro m e .  T h e i r  sa m p le  c o n s i s t e d  
of four autistic males, two of whom were brothers, the third who was 
r e f e r r e d  b e c a u s e  of a h i s t o r y  of m e n t a l  r e t a r d a t i o n  in a b r o t h e r  and
two m a t e r n a l  f i r s t  c o u s i n s ,  and a f o u r t h  b e c a u s e  o f  e n l a r g e d  t e s t e s  
n o t e d  on p h y s i c a l  e x a m i n a t i o n .  A d d i t i o n a l  m a l e s  w i t h  a u t i s m  and the  
f r a g i l e  X chrom osom e h a v e  s i n c e  b e e n  i d e n t i f i e d  ( M e r y a s h  e t  a l . ,  1 9 8 2 ;
Brown e_t a J . , 1 9 8 2 b ;  and G i l l b e r g  e t  a l . ,  1 9 8 3 ) .  I t  i s  i n t e r e s t i n g  to  
n o t e  t h a t  G i l l b e r g  e t  a l .  ( 1 9 8 3 )  d i s c o v e r e d  i d e n t i c a l  m a l e  t r i p l e t s  
w i t h  a u t i s m  and t h e  f r a g i l e  X ch ro m o s o m e .  T u r n e r  e t  a l .  ( 1 9 8 0 a ) ,  
M a t t e i  _et aT .  ( 1 9 8 1 ) ,  R hoads  e t  a l . ( 1 9 8 2 ) ,  B e n e z e c h  and N o e l  ( 1 9 8 3 )
and F r y n s  and v a n  d e n  B e r g h e  ( 1 9 8 3 )  i d e n t i f i e d  c a s e s  w i t h  t h e  f r a g i l e  X 
ch rom osom e and b e h a v i o r a l  f e a t u r e s  c h a r a c t e r i s t i c  o f  a u t i s m .
A u t i s m  was  f i r s t  d e s c r i b e d  by Kann er  ( 1 9 4 3 )  i n  w h i c h  he c o n c l u d e d
" t h e s e  c h i l d r e n  h a v e  come i n t o  t h e  w o r l d  w i t h  i n n a t e  i n a b i l i t y  t o  form
t h e  u s u a l ,  b i o l o g i c a l l y  p r o v i d e d  a f f e c t i v e  c o n t a c t  w i t h  p e o p l e . "  
A u t i s m  i s  a d e v e l o p m e n t a l  d i s a b i l i t y  w h i c h  i s  b e h a v i o r a l l y  d e f i n e d  and  
t y p i c a l l y  o r i g i n a t e s  b e f o r e  t h i r t y  m o n t h s  o f  a g e .  A w i d e  v a r i e t y  o f  
d e v e l o p m e n t a l  p r o c e s s e s  a n d / o r  s e q u e n c e s  a r e  d i s t u r b e d  i n c l u d i n g :  
a b i l i t y  t o  r e l a t e  t o  p e o p l e ,  e v e n t s ,  and o b j e c t s ,  d i s t u r b e d  c o g n i t i v e  
c a p a c i t i e s ,  s p e e c h ,  l a n g u a g e ,  and r e s p o n s e s  t o  s t i m u l i  ( O r n i t z  and  
R i t v o ,  1 9 7 6 ;  R u t t e r ,  1 9 7 8 ;  S c h o p l e r  and D a l l d o r f ,  1 9 8 0 ;  and DeMyer
e t  a l . , 1 9 8 1 ) .  P o p u l a t i o n  f r e q u e n c i e s  o f  a u t i s m  h a v e  b e e n  e s t i m a t e d  to  
be 4 . 5  p e r  1 0 , 0 0 0 ,  w i t h  a m a l e  t o  f e m a l e  r a t i o  o f  4 : 1  (W in g ,  1 9 8 1 ) .
No g e n e t i c  c a u s e  common to  a l l  c a s e s  o f  a u t i s m  h a s  b e e n  f o u n d .
A u t i s m  h o w e v e r  h a s  b e e n  a s s o c i a t e d  w i t h  a v a r i e t y  o f  n e u r o - p a t h o l o g i c a l  
c o n d i t i o n s  s u c h  a s  c o n g e n i t a l  r u b e l l a ,  c e r t a i n  p r e -  and p e r i n a t a l  
c o m p l i c a t i o n s ,  m e t a b o l i c  d i s o r d e r s ,  i n c l u d i n g  p h e n y l k e t o n u r i a  (PKU) ,  
h y p e r u r i c o s u r i a , and h y p o c a l c i u r i a , and d i e t a r y  c o n d i t i o n s  i n c l u d i n g  
m a l a b s o r p t i o n  a n d / o r  e x p o s u r e  o f  p a r e n t s  to t o x i c  c h e m i c a l s  (Brown e t  
a l . , 1 9 8 2 a ;  C o n t e ,  1 9 8 2 ) .  Many o t h e r  r e s e a r c h e r s  a r g u e  a g a i n s t  a
g e n e t i c  l i n k  t o  a u t i s m  b e c a u s e  t h e  i n c i d e n c e  o f  a u t i s m  w i t h i n  f a m i l i e s  
( i . e . )  among a u n t s ,  u n c l e s ,  and s i b l i n g s  i s  r e l a t i v e l y  l o w  ( H a n s o n  and 
G o t t e s m a n ,  1 9 7 6 ;  G a r f i e l d ,  1 9 8 2 ) .  F o l s t e i n  and R u t t e r  ( 1 9 7 7 )  a r g u e d  
f o r  a g e n e t i c  e t i o l o g y  i n  some f a m i l i e s  s i n c e  t h e  r e c u r r e n c e  r i s k  f o r  
s i b l i n g s  i s  a b o u t  2%, o r  r o u g h l y  f i f t y  t i m e s  t h a t  o f  t h e  g e n e r a l  
p o p u l a t i o n .  R i t v o  e t  a l . ( 1 9 8 2 )  f o u n d  a l a r g e  number o f  f a m i l i e s  w i t h
m u l t i p l e  i n c i d e n c e s  o f  a u t i s m ,  l e n d i n g  f u r t h e r  s u p p o r t  f o r  g e n e t i c  
e t i o l o g y  i n  a t  l e a s t  some c a s e s .  A h i s t o r y  o f  s p e e c h  d e l a y  i s  common 
w i t h i n  t h e  f a m i l i e s  o f  a u t i s t i c s  and a  s i g n i f i c a n t  c o n c o r d a n c e  (36%)  
f o r  a u t i s m  i n  m o n o z y g o t i c  t w i n s  f u r t h e r  s u g g e s t s  g e n e t i c  c a u s a l i t y  
( F o l s t e i n  and R u t t e r ,  1 9 7 7 ) .  O t h e r  r e s e a r c h  f o c u s e s  e x c l u s i v e l y  on  
a l t e r e d  b i o c h e m i s t r y  o r  a b n o r m a l  l e v e l s  o f  c e r t a i n  n e u r o t r a n s m i t t e r s  a s  
a m e a n s  o f  g r o u p i n g  a u t i s t i c s .  I n c r e a s e d  b l o o d  p l a t e l e t  s e r i t o n i n  
e f f l u x  i n  a p p r o x i m a t e l y  40% o f  a l l  a u t i s t i c s  i s  u s e d  a s  a m a j o r  m arker  
o f  d e m a r c a t i o n  b e t w e e n  s u b g r o u p s  o f  a u t i s t i c s  ( R i m l a n d ,  19 7 4 ;  R i t v o ,  
1 9 7 7 ;  P i g g o t ,  1 9 7 9 ;  Young e t  a l . ,  1 9 8 2 ;  C i a r a n e l l o ,  1 9 8 2 ) .
B a s i c  r e s e a r c h  on  a u t i s m  h a s  e x p e r i e n c e d  d i f f i c u l t i e s  l a r g e l y  
b e c a u s e  o f  i n a d e q u a t e  d e s c r i p t i o n s  a n d / o r  c l a s s i f i c a t i o n s  t h a t  g r o u p  
a u t i s t i c s  w i t h  o t h e r  p s y c h o t i c  c h i l d r e n .  Many t h e r a p u t i c  t r i a l s  o f  
d r u g s  o r  v i t a m i n s  h a v e  b e e n  d e s c r i b e d  a s  i n e f f e c t i v e  b e c a u s e  o f  t h e i r  
u s e  on  a h e t e r o g e n e o u s  p a t i e n t  g r o u p  ( R i m l a n d ,  1 9 7 4 ) .  P i g g o t t  ( 1 9 7 9 )  
n o t e s  t h a t  c h i l d r e n  l a b e l l e d  a s  a u t i s t i c  p r o b a b l y  r e p r e s e n t  a 
c l i n i c a l l y  s i m i l i a r  g r o u p  w i t h i n  w h i c h  a v a r i e t y  o f  s u b g r o u p s  e x i s t .  
H o w e v e r ,  t h e  p o s s i b i l i t y  a l s o  r e m a i n s  t h a t  t h e r e  i s  o n e  b a s i c  
d i s t u r b a n c e  w h i c h  m a n i f e s t s  i t s e l f  i n  a v a r i e t y  o f  o v e r l a p p i n g  
s y n d r o m e s .
The f i n d i n g s  o f  Brown e t  a l .  ( 1 9 8 2 a )  s u g g e s t  an  a s s o c i a t i o n
8b e t w e e n  t h e  f r a g i l e  X chrom osom e and a u t i s m .  S i n c e  m u l t i p l e  c a u s a l i t y  
may e x i s t ,  t h e i r  s m a l l  and s e l e c t  p o p u l a t i o n  may n o t  b e  r e p r e s e n t a t i v e  
o f  a l l  a u t i s t i c s .  The y  s u g g e s t  t h a t  t h e  t r u e  f r e q u e n c y  o f  t h e  f r a g i l e  
X ch rom osom e i n  a u t i s t i c s  c a n  o n l y  b e  d e t e r m i n e d  from an  
e p i d e m i o l o g i c a l  s t u d y  o f  p e r s o n s  w i t h  a u t i s m  o f  unknown e t i o l o g y .  T h i s  
t h e s i s ,  a c y t o g e n e t i c  s u r v e y  o f  t w e n t y - t h r e e  a u t i s t i c s  f r o m  E a s t e r n  
V i r g i n i a ,  i s  a n  a t t e m p t  a t  a n s w e r i n g  t h a t  q u e s t i o n .
MATERIALS AND METHODS
T w e n t y - t h r e e  a u t i s t i c  o r  a u t i s t i c - l i k e  c h i l d r e n  and y oung  a d u l t s  
( 1 9  m a l e ,  4 f e m a l e ) ,  and s i x  o f  t h e i r  r e l a t i v e s  fr om E a s t e r n  V i r g i n i a  
w e r e  s t u d i e d .  The p a t i e n t s  r a n g e d  i n  a g e  from  5 - 2 0  y e a r s .  A l l  had 
b e e n  c l a s s i f i e d  a s  a u t i s t i c  o r  a s  h a v i n g  a u t i s t i c - l i k e  b e h a v i o r  by  
s p e c i a l  e d u c a t i o n  t e a c h e r s ,  l o c a l  p s y c h o l o g i s t s  o r  p s y c h i a t r i s t s  o r  
w e r e  e n r o l l e d  i n  s p e c i a l  c l a s s e s  f o r  a u t i s t i c s .  T h r e e  p a t i e n t s  w e r e  
e n r o l l e d  i n  t h e  s t u d y  a f t e r  r e f e r r a l  by p h y s i c i a n s  ( t w o  c a s e s )  o r  by a 
c y t o g e n e t i c i s t  ( o n e  c a s e ) .  A l l  o t h e r  c a s e s  w e r e  r e c r u i t e d  t h r o u g h  a 
l e t t e r  m a i l e d  t o  p a r e n t s  o r  g u a r d i a n s  o f  a u t i s t i c s  by l o c a l  a g e n c i e s ,  
p a r e n t  o r g a n i z a t i o n s  f o r  a u t i s t i c s ,  o r  by E a s t e r n  S t a t e  M e n t a l  H o s p i t a l  
(ESMH). I t  i s  e s t i m a t e d  t h a t  a p p r o x i m a t e l y  50% o f  t h e  c o n s e n t  f o r m s  
w e r e  r e t u r n e d .  F o l l o w i n g  r e t u r n  o f  c o n s e n t  f o r m s ,  p a r e n t s  o r  g u a r d i a n s  
w e r e  c o n t a c t e d  b y  p h o n e  o r  l e t t e r .  A t  a s u b s e q u e n t  m e e t i n g ,  a m e d i c a l  
h i s t o r y  w a s  t a k e n  and a h e p a r i n i z e d  v e n o u s  b l o o d  s a m p l e  o f  1 0 - 3 0  ml  w a s  
o b t a i n e d  fr om e a c h  c a s e .
I n  a l l  c a s e s  w h e r e  a b l o o d  s a m p l e  o f  s u f f i c i e n t  v o l u m e  wa s  
a v a i l a b l e ,  t e n  l y m p h o c y t e  c u l t u r e s  w e re  e s t a b l i s h e d  on t h e  day  o f  
s a m p l i n g .  F o r  e a c h  c u l t u r e ,  a n  i n o c u l u m  o f  0 . 4  ml p l a s m a  c o n t a i n i n g  
l y m p h o c y t e s  and a s m a l l  q u a n t i t y  o f  e r y t h r o c y t e s  w a s  a d ded  to  5 . 0  ml  o f  
medium 19 9  w i t h  Hanks" s a l t s  and L - G l u t a m i n e  (G IBCO//320 -115 1 )  
c o n t a i n i n g  e i t h e r  5 o r  10% f e t a l  b o v i n e  serum .  The f e t a l  b o v i n e  s e r a  
(FBS)  u s e d  w ere  GIBC0 and S t e r i l e  S y s t e m s  ( S S ) .  The GIBC0 FBS wa s the
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s t a n d a r d  t h r o u g h o u t  t h e  s t u d y  and t h e  S t e r i l e  S y s t e m s  FBS wa s o f  a l o w  
f o l a t e  l o t ,  ( 9 . 5  n g / m l )  and was u s e d  t o  t e s t  th e  e f f e c t  o f  f u r t h e r  
f o l a t e  d e p l e t i o n  on t h e  e x p r e s s i o n  o f  f r a g i l e  s i t e s .  C u l t u r e s  w e re  
s u p p l e m e n t e d  w i t h  0 . 0 5  ml  e a c h  o f  p h y t o h a e m a g g l u t i n i n  (PHA; W e l l c o m e )  
and PSN a n t i b i o t i c  m i x t u r e  (G IB C O ). C u l t u r e  m e d i a  w e r e  b u f f e r e d  w i t h  
2 0  mM HEPES (GIBCO) and a d j u s t e d  t o  a pH o f  7 . 6  a t  room t e m p e r a t u r e  
w i t h  1 N NaOH.
C u l t u r e s  w e r e  gr ow n i n  30  ml c u l t u r e  f l a s k s  ( N u n c ) ,  i n c u b a t e d  a t  
3 7 “ C f o r  92 h o u r s ,  and r e s u s p e n d e d  d a i l y  b y  g e n t l e  s h a k i n g .  C o l c e m i d  
( 2  Aig) w a s  ad ded  e i t h e r  1 / 2  o r  2 h r  p r i o r  to  h a r v e s t .  The 1 / 2  hr  
c o l c e m i d  t i m e  w a s  u s e d  i n  s p e c i a l  c a s e s  i n  c o n j u n c t i o n  w i t h  t h e
s t a n d a r d  2 hr  c o l c e m i d  t i m e  t o  o b t a i n  more  e l o n g a t e d  c h r o m o s o m e s ,  and  
t o  com pare t h e  f r a g i l e  X f r e q u e n c y  o b s e r v e d  f o r  e a c h  t i m e .  C u l t u r e s  
w e r e  h a r v e s t e d  a c c o r d i n g  t o  s t a n d a r d  t e r m i n a t i o n  p r o c e d u r e s  u s i n g  0 . 0 7 5  
M KC1 h y p o t o n i c  t r e a t m e n t  f o r  10 m i n u t e s .  A f t e r  c e n t r i f u g a t i o n  a t  8 0 0  
rpm and r e m o v a l  o f  KCl by p i p e t t e  s u c t i o n i n g ,  c e l l s  w e r e  s l o w l y  and
g e n t l y  f i x e d  i n  3 : 1  ( v / v )  m e t h a n o l : g l a c i a l  a c e t i c  a c i d .  C e l l s  w e r e  p u t
t h r o u g h  two 10 m i n u t e  c h a n g e s  o f  f i x a t i v e ,  c e n t r i f u g i n g  a t  8 0 0  rpm 
b e t w e e n  f i x a t i o n s  and s t o r e d  a t  4°C i n  a  t h i r d  f i x a t i v e  c h a n g e .  F i x e d  
c e l l s  w e r e  d r o p p e d  o n t o  c o l d ,  w e t  s l i d e s ,  f l a m e  d r i e d ,  and s t a i n e d  w i t h  
G eis m a  ( F i s c h e r )  f o r  5 m i n u t e s .  F o r  e a c h  t r e a t m e n t ,  100 i n t a c t  c e l l s  
i n  m e t a p h a s e  w e r e  e x a m i n e d  w i t h  a Z e i s s  P h o t o r a i c r o s c o p e  I I  and a l l  g a p s  
a n d / o r  b r e a k s  i n c l u d i n g  t h e  f r a g i l e  s i t e  on t h e  X chrom osom e w e re
r e c o r d e d .  S l i d e s  w i t h  C - g r o u p  ch rom osom e b r e a k s  r e s e m b l i n g  t h e  f r a g i l e  
X w e re  p h o t o g r a p h e d  on T e c h n i c a l  Pan f i l m  and t h e n  c l e a n e d  i n  a s e r i e s  
o f  a b s o l u t e  x y l e n e ,  5 0 : 5 0  x y l e n e : a b s o l u t e  e t h a n o l ,  a b s o l u t e  e t h a n o l ,  
95% e t h a n o l ,  and 70% e t h a n o l ,  and d e s t a i n e d  i n  3 : 1  m e t h a n o l : a c e  t i c  a c i d
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f i x a t i v e .  D e s t a i n e d  s l i d e s  w e re  t h e n  r e - s t a i n e d  i n  q u i n a c r i n e  m u s t a r d  
t o  p r o d u c e  Q - b a n d i n g ,  p l a c e d  i n  a c i t r i c  a c i d  s o d iu m  p h o s p h a t e  b u f f e r  
(pH 5 . 5 )  and c o v e r s l i p p e d . The s l i d e s  w e r e  t h e n  e x a m i n e d  w i t h  a Z e i s s  
f l u o r e s c e n t  P h o t o m i c r o s c o p e  t o  d e t e r m i n e  t h e  p r e s e n c e  o r  a b s e n c e  o f  t h e  
f r a g i l e  X c h r o m o s o m e .  B o t h  Q -b and ed  f r a g i l e  X c h r o m o s o m e s  and o t h e r  
f r a g i l e  C - g r o u p  c h r o m o s o m e s  w e r e  p h o t o g r a p h e d .
F o r  two s a m p l e s ,  o n e  from  t h e  n o r m a l  s i s t e r  o f  t h e  F r a g i l e  X 
p o s i t i v e  m a l e  and a  r e p e a t  s a m p le  from an  a u t i s t i c  f e m a l e  from w h i c h  a 
s i n g l e  f r a g i l e  X ch rom osom e was  s c o r e d  e a r l i e r  ( s e e  R e s u l t s ) ,  t h e  
MTX-BUdR t e c h n i q u e  o f  N i e l s e n  e t  a l . ( 1 9 8 2 )  w a s  u s e d  t o  e n h a n c e
f r a g i l e  X e x p r e s s i o n .  F o l l o w i n g  72 hr  i n  s t a n d a r d  medium, MTX was  
a d ded  t o  a  f i n a l  c o n c e n t r a t i o n  o f  10 M, and i n c u b a t e d  an  a d d i t i o n a l  17 
h r .  The c e l l s  w e r e  t h e n  w a s h e d  t w i c e  and f r e s h  medium c o n t a i n i n g  BUdR 
( 1 0  M) w a s  a d ded  4 1 / 2  hr  p r i o r  to  h a r v e s t .  C o l c e m i d  w a s  added  1 / 2  hr  
p r i o r  t o  h a r v e s t ,  and s t a n d a r d  t e r m i n a t i o n  p r o c e d u r e s  w e r e  f o l l o w e d .
C a s e  S t u d i e s
The c l i n i c a l  d a t a  f o r  t h e  t w e n t y - t h r e e  c a s e s  a r e  p r e s e n t e d  b e l o w .  
A s t a n d a r d  q u e s t i o n n a i r e  or  m e d i c a l  r e c o r d s  w e r e  u s e d  t o  c o l l e c t  t h e  
r e l e v a n t  i n f o r m a t i o n .
F P 1 . -  T h i s  8 y e a r  o l d  m a l e  s u f f e r e d  no d e l i v e r y  p r o b l e m s  o r  b i r t h  
d e f e c t s .  D e v e l o p m e n t a l  o r  e m o t i o n a l  p r o b l e m s  w e r e  f i r s t  n o t e d  a t  
2 y e a r s  o f  a g e .  IQ t e s t i n g  r e v e a l e d  a s c o r e  o f  9 1 .  A d i a g n o s i s  
o f  a u t i s m  wa s made a t  6 y e a r s  o f  a g e .  He sh o w s  t y p i c a l  s i g n s  o f  
a u t i s m  i n c l u d i n g  p o o r  e y e  c o n t a c t ,  s p e e c h  and b e h a v i o r  p r o b l e m s .
F P 2 . — T h i s  11 y e a r  o l d  m a l e  may h a v e  s u f f e r e d  d e l a y e d  d e l i v e r y ,  and
m a t e r n a l  b l e e d i n g  w a s  n o t e d  i n  th e  f i r s t  t r i m e s t e r .  No b i r t h  
d e f e c t s  w e r e  n o t e d .  D e v e l o p m e n t a l  o r  e m o t i o n a l  p r o b l e m s  w e re  
f i r s t  n o t e d  a t  1 8 - 2 4  m o n t h s  o f  a g e .  IQ t e s t i n g  r e v e a l e d  a 
f u n c t i o n i n g  l e v e l  o f  r e t a r d e d .  A d i a g n o s i s  o f  a u t i s m  w a s  made a t  
2 1 / 2  y e a r s  o f  a g e .  He show s  t y p i c a l  s i g n s  o f  a u t i s m  i n c l u d i n g  
s t e r e o t y p e d  s p i n n i n g ,  i n t o l e r a n c e  t o  c h a n g e ,  and a t y p i c a l  
r e a c t i o n  t o  s o u n d s .
F P 3 . -  T h i s  8 y e a r  o l d  f e m a l e  s u f f e r e d  no  d e l i v e r y  p r o b l e m s  o r  b i r t h  
d e f e c t s .  D e v e l o p m e n t a l  o r  e m o t i o n a l  p r o b l e m s  w e r e  f i r s t  n o t e d  a t
1 y e a r  o f  a g e .  S h e  s u f f e r s  from s e i z u r e s .  IQ t e s t i n g  r e v e a l e d  a
2 y e a r  o l d  l e v e l  o f  f u n c t i o n i n g .  A d i a g n o s i s  o f  a u t i s m  wa s made  
a t  1 y e a r  o f  a g e .  S he  show s  t y p i c a l  s i g n s  o f  a u t i s m  i n c l u d i n g  
h y p e r a c t i v i t y ,  s e l f - s t i m u l a t i o n ,  and b e h a v i o r  p r o b l e m s .
F P 4 . -  T h i s  13 y e a r  o l d  f e m a l e  s u f f e r e d  no d e l i v e r y  p r o b l e m s  or  b i r t h  
d e f e c t s .  D e v e l o p m e n t a l  o r  e m o t i o n a l  p r o b l e m s  w e r e  f i r s t  n o t e d  
b e t w e e n  2 and 3 y e a r s  o f  a g e .  IQ t e s t i n g  r e v e a l e d  a  3 y e a r  o l d  
l e v e l  o f  f u n c t i o n i n g .  A d i a g n o s i s  o f  a u t i s m  was  s u g g e s t e d  a t  7 
y e a r s  o f  a g e .  S he  sh o w s  t y p i c a l  s i g n s  o f  a u t i s m  i n c l u d i n g  
s e l f - s t i m u l a t i o n ,  l a c k  o f  s p e e c h ,  and h y p e r a c t i v i t y .  Her m o t h e r  
w a s  i n  s p e c i a l  c l a s s e s  and wa s a l s o  c y t o g e n e t i c a l l y  i n v e s t i g a t e d .
F P 5 . -  T h i s  8 y e a r  o l d  m a l e  w as  3 m o n t h s  p r e m a t u r e  a t  b i r t h .  
D e v e l o p m e n t a l  o r  e m o t i o n a l  p r o b l e m s  w e r e  f i r s t  n o t e d  a t  18 m o n t h s  
o f  a g e .  IQ t e s t i n g  r e v e a l e d  a 4 - 5  y e a r  o l d  l e v e l  o f  f u n c t i o n i n g .  
A d i a g n o s i s  o f  a u t i s m  was s u g g e s t e d  a ro u n d  6 y e a r s  o f  a g e .  He
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s h o w s  t y p i c a l  s i g n s  o f  a u t i s m  i n c l u d i n g  d e l a y e d  s p e e c h .
F P 6 . -  T h i s  7 y e a r  o l d  m a l e  s u f f e r e d  no d e l i v e r y  p r o b l e m s  o r  b i r t h
d e f e c t s .  D e v e l o p m e n t a l  o r  e m o t i o n a l  p r o b l e m s  w e r e  f i r s t  n o t e d  a t  
15 m o n t h s  o f  a g e .  IQ s c o r e s  a r e  n o t  know n.  A d i a g n o s i s  o f
a u t i s m  w as  s u g g e s t e d  a t  15 m o n t h s  o f  a g e .  He sh o w s  t y p i c a l  s i g n s
o f  a u t i s m  i n c l u d i n g  s e l f - s t i m u l a t i o n ,  h a n d - g a z i n g ,  and l a c k  o f  
s p e e c h .
F P 7 . -  T h i s  6 y e a r  o l d  m a l e  s u f f e r e d  no d e l i v e r y  p r o b l e m s  o r  b i r t h
d e f e c t s .  The m o t h e r ,  h o w e v e r ,  s u f f e r e d  fr om g e s t a t i o n a l  
d i a b e t e s .  D e v e l o p m e n t a l  o r  e m o t i o n a l  p r o b l e m s  w e r e  f i r s t  n o t e d  
a t  16 m o n t h s  o f  a g e .  IQ s c o r e s  a r e  n o t  know n.  A d i a g n o s i s  o f
a u t i s m  was  made a t  2 1 / 2  y e a r s  o f  a g e .  He sh o w s  t y p i c a l  s i g n s  o f
a u t i s m  i n c l u d i n g  r e p e t i t i v e  b e h a v i o r  and l a c k  o f  s p e e c h .
F P 8 . -  T h i s  20 y e a r  o l d  m a l e  s u f f e r e d  fr om  j a u n d i c e  a t  b i r t h  and
r e c e i v e d  a n  e x c h a n g e  t r a n s f u s i o n .  No b i r t h  d e f e c t s  w e r e  n o t e d .  
D e v e l o p m e n t a l  o r  e m o t i o n a l  p r o b l e m s  w e r e  f i r s t  n o t e d  a t  2 y e a r s  
o f  a g e .  IQ t e s t i n g  r e v e a l e d  a  f u n c t i o n i n g  l e v e l  o f
s e v e r e - p r o f o u n d  r e t a r d a t i o n .  A d i a g n o s i s  o f  a u t i s m  was  s u g g e s t e d  
a t  3 y e a r s  o f  a g e .  He sh o w s  t y p i c a l  s i g n s  o f  a u t i s m  i n c l u d i n g  
l a c k  o f  s p e e c h  and r e p e t i t i v e  b e h a v i o r .
F P 9 . -  T h i s  5 y e a r  o l d  m a l e  s u f f e r e d  no d e l i v e r y  p r o b l e m s  o r  b i r t h  
d e f e c t s .  D e v e l o p m e n t a l  or  e m o t i o n a l  p r o b l e m s  w e re  f i r s t  n o t e d  a t  
1 y e a r  o f  a g e .  IQ s c o r e s  a r e  a v e r a g e  e x c e p t  i n  c o m m u n i c a t i o n .  A
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d i a g n o s i s  o f  a u t i s m  w as  s u g g e s t e d  a t  2 1 / 2  y e a r s  o f  a g e .  He 
s h o w s  t y p i c a l  s i g n s  o f  a u t i s m  i n c l u d i n g  h y p e r a c t i v i t y ,  r e p e t i t i v e  
b e h a v i o r ,  w i t h d r a w a l ,  and s p e e c h  p r o b l e m s .
F P l O . - T h i s  20  y e a r  o l d  m a l e  w a s  a d o p t e d  a t  a g e  10 m o n t h s  and no  
d e l i v e r y  i n f o r m a t i o n  i s  known.  D e v e l o p m e n t a l  o r  e m o t i o n a l  
p r o b l e m s  w e r e  f i r s t  n o t e d  a t  10 m o n t h s  o f  a g e .  IQ s c o r e  i s  4 7 .  
A d i a g n o s i s  o f  a u t i s m  w a s  made a t  5 y e a r s  o f  a g e .  He showed  
t y p i c a l  s i g n s  o f  a u t i s m  i n c l u d i n g  head  b a n g i n g ,  o t h e r  s e l f  
a b u s i v e  b e h a v i o r ,  and c o m m u n i c a t i v e  d i s o r d e r s .  He i s  now v e r y  
c a l m  and f r i e n d l y ,  b u t  s t i l l  l a c k s  s p e e c h .
F P l l . - T h i s  13 y e a r  o l d  m a l e  w a s  d e l i v e r e d  u s i n g  f o r c e p s  d u e  t o  an  
e n l a r g e d  h e a d .  The m o t h e r  e x p e r i e n c e d  s e v e r a l  t h r e a t s  o f  
m i s c a r r i a g e  w i t h  h e a v y  b l e e d i n g  f o r  3 - 4  m o n t h s .  D e v e l o p m e n t a l  o r  
e m o t i o n a l  p r o b l e m s  i n c l u d i n g  h y p e r a c t i v i t y  w e r e  f i r s t  n o t e d  a t  18 
m o n t h s  o f  a g e .  IQ s c o r e s  a r e  n o t  know n.  A d i a g n o s i s  o f  a u t i s m ,  
f u l l  s y n dr o m e p r e s e n t  and m o d e r a t e  m e n t a l  r e t a r d a t i o n  w i t h  o t h e r  
b e h a v i o r a l  symptoms w a s  made upon  a d m i t t a n c e  to  ESMH i n  1 9 7 8 .  He 
s h o w s  t y p i c a l  a u t i s t i c  b e h a v i o r  i n c l u d i n g  head b a n g i n g ,  
o b s e s s i o n s  w i t h  o b j e c t s ,  d e s t r u c t i v e  b e h a v i o r ,  and s p e e c h  
p r o b l e m s .
F P l 2 . - T h i s  10 y e a r  o l d  m a l e  was  d e l i v e r e d  by an e m e r g e n c y  c a e s a r i a n  
a f t e r  43 w e e k s  o f  g e s t a t i o n .  No b i r t h  d e f e c t s  w e r e  n o t e d .  
D e v e l o p m e n t a l  o r  e m o t i o n a l  p r o b l e m s  w e r e  f i r s t  n o t e d  a t  3 - 4  y e a r s  
o f  a g e .  He w a s  c l a s s i f i e d  a s  r e t a r d e d  b u t  h i s  c u r r e n t
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f u n c t i o n i n g  l e v e l  i s  a p p r o p r i a t e  f o r  h i s  a g e .  A d i a g n o s i s  o f  
a u t i s m  w a s  made a t  4 y e a r s  o f  a g e .  He showed t y p i c a l  s i g n s  o f  
a u t i s m  i n c l u d i n g  h a n d - f l a p p i n g  and s l o w  s p e e c h  d e v e l o p m e n t .  He 
h a s  i s  now i n  a c l a s s  f o r  e m o t i o n a l l y  d i s t u r b e d  c h i l d r e n .
F P l 3 . - T h i s  14 y e a r  o l d  m a l e  s u f f e r e d  no d e l i v e r y  p r o b l e m s  o r  b i r t h  
d e f e c t s .  D e v e l o p m e n t a l  o r  e m o t i o n a l  p r o b l e m s  i n c l u d i n g  
h y p e r a c t i v i t y  w e r e  f i r s t  n o t e d  b e t w e e n  1 t o  2 y e a r s  o f  a g e .  He 
i s  i n s t i t u t i o n a l i z e d .  IQ s c o r e s  a r e  n o t  know n.  A d i a g n o s i s  o f  
i n f a n t i l e  a u t i s m ,  r e s i d u a l  t y p e  w i t h  m i l d  m e n t a l  r e t a r d a t i o n  and  
b e h a v i o r a l  symptoms w a s  made upon  a d m i t t a n c e  t o  ESMH i n  1 9 7 8 .  He 
sh o w s  t y p i c a l  s i g n s  o f  a u t i s m  i n c l u d i n g  a g g r e s s i v e  b e h a v i o r  and  
d e l a y e d  s p e e c h .
F P l 4 . - T h i s  17 y e a r  o l d  f e m a l e  s u f f e r e d  no d e l i v e r y  p r o b l e m s  o r  b i r t h  
d e f e c t s .  D e v e l o p m e n t a l  o r  e m o t i o n a l  p r o b l e m s  i n c l u d i n g  
h y p e r a c t i v i t y  w e r e  f i r s t  n o t e d  b e t w e e n  1 t o  2 y e a r s  o f  a g e .  She  
i s  i n s t i t u t i o n a l i z e d .  IQ s c o r e s  a r e  n o t  known.  A d i a g n o s i s  o f  
a u t i s m ,  f u l l  s y n dro m e p r e s e n t  and u n s p e c i f i e d  m e n t a l  r e t a r d a t i o n  
w i t h  b e h a v i o r a l  symptoms was made u p o n  a d m i t t a n c e  to  ESMH 1 9 7 3 .  
S h e  sh o w s  t y p i c a l  s i g n s  o f  a u t i s m  i n c l u d i n g  a g g r e s s i v e  b e h a v i o r ,  
l a c k  o f  s p e e c h ,  o b s e s s i o n s  w i t h  o b j e c t s ,  and l a c k  o f  e m o t i o n a l  
r e s p o n s i v e n e  s s .
F P 1 5 . - T h i s  5 y e a r  o l d  m a l e  s u f f e r e d  no b i r t h  d e f e c t s ,  l a b o r  was i n d u c e d  
w i t h o u t  c o m p l i c a t i o n s .  D e v e l o p m e n t a l  o r  e m o t i o n a l  p r o b l e m s  w ere  
f i r s t  n o t e d  a t  3 1 / 2  y e a r s  o f  a g e  when a d i a g n o s i s  o f  a u t i s m  was
f i r s t  made.  TQ t e s t i n g  r e v e a l e d  a s c o r e  o f  7 9 .  He sh o w s  t y p i c a l  
s i g n s  o f  a u t i s m  i n c l u d i n g  r i t u a l i s t i c ,  r e p e t i t i v e  b e h a v i o r  and  
d e l a y e d  d e v e l o p m e n t  o f  s p e e c h  and s o c i a l  s k i l l s .  He i s  v e r b a l  
and i s  a b l e  t o  r e a d .
F P l 6 . - T h i s  15 y e a r  o l d  m a l e  s u f f e r e d  m i l d  j a u n d i c e  and was  4 w e e k s  
p r e m a t u r e  a t  b i r t h .  D e v e l o p m e n t a l  o r  e m o t i o n a l  p r o b l e m s  w e re  
f i r s t  n o t e d  a t  2 y e a r s  o f  a g e .  The p a t i e n t  i s  h y p e r a c t i v e  and  
h a s  a h i s t o r y  o f  s e i z u r e s .  He i s  i n s t i t u t i o n a l i z e d .  IQ s c o r e s  
a r e  n o t  know n.  A d i a g n o s i s  o f  a u t i s m ,  f u l l  syndrom e p r e s e n t  w i t h  
m o d e r a t e  m e n t a l  r e t a r d a t i o n  and o t h e r  b e h a v i o r a l  symptoms was  
made u p o n  a d m i t t a n c e  t o  ESMH 1 9 7 9 .  T y p i c a l  s i g n s  o f  a u t i s m  
i n c l u d e  a g g r e s s i v e ,  s e l f  d e s t r u c t i v e ,  and r e p e t i t i v e  b e h a v i o r  
w i t h  a m o n o s y l l a b i c  s p e e c h  p a t t e r n .
F P 1 7 . - T h i s  8 y e a r  o l d  m a l e  s u f f e r e d  no d e l i v e r y  p r o b l e m s  o r  b i r t h  
d e f e c t s .  D e v e l o p m e n t a l  o r  e m o t i o n a l  p r o b l e m s  w e r e  f i r s t  n o t e d  a t  
9 m o n t h s  o f  a g e .  A s e i z u r e  h i s t o r y  w a s  n o t e d .  IQ s c o r e s  a r e  n o t  
known.  A d i a g n o s i s  o f  a u t i s m  w a s  s u g g e s t e d  a t  6 y e a r s  o f  a g e .  
He sh o w s  t y p i c a l  s i g n s  o f  a u t i s m  i n c l u d i n g  s e l f - s t i m u l a t i o n , 
b l a n k  e x p r e s s i o n s ,  i n t o l e r a n c e  t o  c h a n g e ,  and l a c k  o f  s p e e c h .  
B o t h  h i s  m o t h e r  and f a t h e r  w e r e  c y t o g e n e t i c a l l y  i n v e s t i g a t e d .
F P 1 S / F P 1 9 . - T h e s e  i d e n t i c a l  t w i n ,  11 y e a r  o l d  m a l e s  s u f f e r e d  no d e l i v e r y  
p r o b l e m s .  B o t h  h o w e v e r  w e re  s l i g h t l y  j a u n d i c e d  a t  b i r t h .  
D e v e l o p m e n t a l  o r  e m o t i o n a l  p r o b l e m s  w e re  f i r s t  n o t e d  a t  2 y e a r s  
o f  a g e .  I Q ' s  o f  a p p r o x i m a t e l y  10 h a v e  b e e n  e s t i m a t e d .  A p a t t e r n
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o f  X - l i n k e d  I n h e r i t a n c e  i s  s u g g e s t e d  by o t h e r  r e t a r d e d  a n d / o r  
" s lo w "  m a l e  m a t e r n a l  f i r s t  c o u s i n s .  A d i a g n o s i s  o f  a u t i s m  wa s  
f i r s t  s u g g e s t e d  a t  4 y e a r s  o f  a g e .  T y p i c a l  s i g n s  o f  a u t i s m  
i n c l u d i n g  s t e r e o t y p e d  s p i n n i n g ,  s e l f  d e s t r u c t i o n ,  e m o t i o n a l  
u n r e s p o n s i v e n e s s  and r h y t h m i c  s p e e c h  p a t t e r n s  a r e  p r e s e n t .  B o t h  
m a l e s  e x h i b i t  t h e  c h a r a c t e r i s t i c  f a c i e s  and e a r s  t y p i c a l  o f  t h e  
F r a g i l e  X S y n d ro m e .
F P 2 0 . - T h i s  11 y e a r  o l d  f e m a l e  s u f f e r e d  no d e l i v e r y  p r o b l e m s .  M i l d  
j a u n d i c e  w a s  n o t e d  a t  b i r t h .  D e v e l o p m e n t a l  o r  e m o t i o n a l  p r o b l e m s  
w e r e  f i r s t  n o t e d  a t  2 y e a r s  o f  a g e .  Her IQ i s  a p p r o x i m a t e l y  5 0 .  
A d i a g n o s i s  o f  a u t i s m  w a s  made a t  3 y e a r s  o f  a g e .  She shows  
s e v e r a l  o f  t h e  t y p i c a l  s i g n s  o f  a u t i s m  i n c l u d i n g  s t e r e o t y p e d  
h a n d - f l a p p i n g  and r e p e t i t i v e  s p e e c h  p a t t e r n s .
F P 2 1 . - T h i s  7 y e a r  o l d  m a l e  w a s  d e l i v e r e d  u s i n g  f o r c e p s  and w a s  m i l d l y  
j a u n d i c e d  a t  b i r t h .  D e v e l o p m e n t a l  o r  e m o t i o n a l  p r o b l e m s  w e r e  
f i r s t  n o t e d  a t  2 y e a r s  o f  a g e .  IQ t e s t i n g  r e v e a l e d  a  f u n c t i o n i n g  
l e v e l  o f  s e v e r e l y  r e t a r d e d .  A d i a g n o s i s  o f  a u t i s m  w a s  s u g g e s t e d  
a t  2 1 / 2  y e a r s  o f  a g e  when he w a s  a d m i t t e d  t o  a h o s p i t a l  f o r
b e h a v i o r  p r o b l e m s ,  i n c l u d i n g  t h o s e  c h a r a c t e r i s t i c  o f  a u t i s m ,  s u c h  
a s  h e a d - b a n g i n g  and s t e r e o t y p e d  r o c k i n g .
F P 2 2 . - T h i s  18 y e a r  o l d  m a l e  s u f f e r e d  no d e l i v e r y  p r o b l e m s  o r  b i r t h  
d e f e c t s .  D e v e l o p m e n t a l  o r  e m o t i o n a l  p r o b l e m s  w e r e  n o t e d  a t  an  
e a r l y  a g e .  IQ t e s t i n g  r e v e a l e d  a f u n c t i o n i n g  l e v e l  o f  m i l d l y  to  
s e v e r e l y  r e t a r d e d .  He sh o w s  s e v e r a l  o f  t h e  t y p i c a l  s i g n s  o f
a u t i s m  i n c l u d i n g  r e p e t i t i v e  b e h a v i o r ,  s p e e c h ,  and d i m i n i s h e d
e m o t i o n a l  r e s p o n s e  to  f a m i l y  m e m b er s .  A d i a g n o s i s  o f  a u t i s m  was  
s u g g e s t e d  by t e a c h e r s  b u t  he w a s  n o t  c o n s i d e r e d  t o  be  a " c l a s s i c "  
a u t i s t i c  by p s y c h i a t r i c  e v a l u a t o r s .  He h a s  th e  c h a r a c t e r i s t i c
f a c i e s ,  e a r s ,  and m a c r o o r c h i d i s m  ( a s .  d i a g n o s e d  by h i s  
p e d i a t r i c i a n )  t y p i c a l  o f  t h e  F r a g i l e  X S y n d r o m e .  B o t h  h i s  m o t h e r  
and s i s t e r  w e r e  c y t o g e n e t i c a l l y  i n v e s t i g a t e d .
F P 2 3 . - T h i s  10 y e a r  o l d  m a l e  s u f f e r e d  no d e l i v e r y  p r o b l e m s  o r  b i r t h  
d e f e c t s .  D e v e l o p m e n t a l  o r  e m o t i o n a l  p r o b l e m s  w e r e  f i r s t  n o t e d  a t  
a p p r o x i m a t e l y  2 y e a r s  o f  a g e .  IQ t e s t i n g  f i r s t  r e v e a l e d  a  
f u n c t i o n i n g  l e v e l  o f  e d u c a b l e  m e n t a l l y  r e t a r d e d ,  b u t  now he i s  
p e r f o r m i n g  h i g h e r  and i s  i n  a l e a r n i n g  d i s a b l e d  c l a s s .  A 
d i a g n o s i s  o f  a u t i s m  was  s u g g e s t e d  a t  a p p r o x i m a t e l y  3 y e a r s  o f  
a g e .  He was  a h y p e r a c t i v e  r e s t l e s s  i n f a n t  and showed  some
t y p i c a l  s i g n s  o f  a u t i s m  i n c l u d i n g  e c h o l a l i a ,  s t e r e o t y p e d
s p i n n i n g ,  r o c k i n g ,  and h a n d - f l a p p i n g  b e h a v i o r .  A u t i s t i c  b e h a v i o r  
d i m i n i s h e d  a t  a p p r o x i m a t e l y  a g e  5 1 / 2  and he i s  now h i g h l y
v e r b a l .  H i s  f a t h e r " s  f o u r  b r o t h e r s  w e r e  h y p e r a c t i v e  and had  
l e a r n i n g  d i f f i c u l t i e s  and d y s l e x i a .  H i s  f a t h e r ' s  s i s t e r  i s  
r e t a r d e d .  H i s  m o t h e r  h a s  some d i f f i c u l t i e s  i n  m a t h e m a t i c s  and o f  
h i s  two s i s t e r s ,  o n e  i s  g i f t e d  and t h e  o t h e r  h a s  d i f f i c u l t i e s  i n  
m a t h e m a t i c s  and p o o r  f i n e  m o t o r  s k i l l s .  H i s  m o t h e r  wa s a l s o  
c y t o g e n e t i c a l l y  i n v e s t i g a t e d .
RESULTS
The f r a g i l e  X chrom os ome w a s  u n e q u i v o c a l l y  f o u n d  i n  o n l y  one
a u t i s t i c - l i k e  m a l e  ( F P 2 2 ) ,  and i n  a s u b s e q u e n t  f a m i l y  s t u d y ,  i n  h i s  14  
y e a r  o l d  s i s t e r  ( F P 2 2 S ) . T h e i r  m o t h e r  (F P 2 2 M ) , who i s  39 y e a r s  o l d  and  
o f  n o r m a l  i n t e l l i g e n c e ,  had f i v e  c e l l s  w i t h  p o s s i b l e  f r a g i l e  X ' s  i n  a 
t o t a l  o f  2 0 0  c e l l s  e x a m i n e d .  T h e s e  f i v e  c e l l s  w e r e  t e c h n i c a l l y  p o o r  
and t h e  f r a g i l e  X ch rom osome c o u l d  n o t  be  c o n c l u s i v e l y  i d e n t i f i e d .  The  
c y t o g e n e t i c  d a t a  f o r  t h i s  f a m i l y  a r e  p r e s e n t e d  i n  T a b l e  1 .  The
a p p e a r a n c e  o f  G e i m s a  s t a i n e d  f r a g i l e  X"s from c a s e  FP22 and Q -b and ed  
e a r l y  and l a t e  r e p l i c a t i n g  f r a g i l e  X"s from c a s e  FP22S a r e  shown i n  
F i g u r e  1 .
F o r  c a s e  F P 2 2 ,  t h e  f r a g i l e  X f r e q u e n c i e s  i n  c e l l s  c u l t u r e d  i n  two 
d i f f e r e n t  FBS (GIBCO o r  S t e r i l e  S y s t e m s  ( S S ) )  and w i t h  two FBS
c o n c e n t r a t i o n s  (5% and 10%) w e r e  c o m p a r e d .  The f r a g i l e  X f r e q u e n c y  i n  
c e l l s  c u l t u r e d  w i t h  10% GIBCO FBS w a s  s i g n i f i c a n t l y  h i g h e r  t h a n  i t  wa s  
i n  c e l l s  c u l t u r e d  w i t h  10% SS FBS ( c h i - s q u a r e = 1 5 . 4 6 ,  p < . 0 0 1 ) .  H o w ev e r ,  
t h e  d i f f e r e n c e  i n  f r e q u e n c y  b e t w e e n  5% c o n c e n t r a t i o n s  o f  t h e s e  s e r a  wa s  
i n s i g n i f i c a n t  ( c h i - s q u a r e = 0 . 1 7 ,  p > . 0 5 ) .  The f r a g i l e  X f r e q u e n c y  i n  
c e l l s  c u l t u r e d  w i t h  10% GIBCO FBS v e r s u s  3% GIBCO ( a t  2 hr and 1 / 2  hr 
c o l c e m i d )  w a s  a l s o  i n s i g n i f i c a n t  ( c h i - s q u a r e = 2 . 0 8  and . 9 6 ,  p > . 0 5 ,
r e s p e c t i v e l y ) .  H o w e v e r ,  t h e  d i f f e r e n c e  i n  f r e q u e n c y  b e t w e e n  th e  10% SS 
FBS v e r s u s  t h e  5% SS w as  s i g n i f i c a n t  ( c h i - s q u a r e - 5 . 2 1 ,  p < . 0 2 5 ) .
D a t a  on t h e  o t h e r  22 a u t i s t i c  o r  a u t i s t i c - l i k e  p a t i e n t s  and t h e i r
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r e l a t i v e s  a r e  p r e s e n t e d  i n  T a b l e  2 .  In  t o t a l ,  a p p r o x i m a t e l y  7 , 0 0 0  
c e l l s  w i t h  i n t a c t  m e t a p h a s e s  w e r e  a n a l y z e d  and s c o r e d  f o r  a l l  b r e a k s  
a n d / o r  g a p s .
F o r  c a s e  F P 2 0 ,  one c e l l  ( o u t  o f  3 2 5 )  had a b r e a k  a t  t h e  l o c u s  o f  
t h e  f r a g i l e  X s i t e  ( F i g u r e  2 ) .  A r e p e a t  s a m p l e  w a s  o b t a i n e d ,  and o f  a 
t o t a l  o f  10 0  c e l l s  s c o r e d  fro m  medium 199-5%GIBCO FBS and 50 c e l l s  
grow n u s i n g  t h e  t e c h n i q u e  o f  N i e l s e n  e_t a l . ( 1 9 8 2 ) ,  no  a d d i t i o n a l
t e r m i n a l  g a p s  o n  t h e  X ch rom osom e w e r e  s e e n .  O t h e r  C - g r o u p  t e r m i n a l  
g a p s  and i s o g a p s  w e r e  o b s e r v e d  i n c l u d i n g  ch rom os ome #6 ( F i g u r e  2 ) .  
C a s e  FP20 i s  t h e r e f o r e  c o n s i d e r e d  n o t  to  h a v e  t h e  f r a g i l e  X ch ro m o so m e .
A u t o s o m a l  g a p s  and i s o g a p s  w e r e  n o t e d  i n  a l l  c a s e s .  C a se  FP17 had  
a r e l a t i v e l y  h i g h  l e v e l  o f  ch rom osom e damage i n c l u d i n g  g a p s ,  i s o g a p s ,  
b r e a k s  and t r i r a d i a l  f o r m a t i o n  ( F i g u r e  3 ) .
C a s e s  F P 1 8 / 1 9  a r e  m a l e  m o n o z y g o t i c  t w i n s  w i t h  a f a m i l y  h i s t o r y  
s u g g e s t i v e  o f  X - l i n k e d  m e n t a l  r e t a r d a t i o n .  T h e r e  i s  a  r e t a r d e d  m a l e  
f i r s t  c o u s i n  and s e v e r a l  " s l o w "  m a l e  f i r s t  c o u s i n s  a l l  on t h e  m a t e r n a l  
s i d e .  A p e d i g r e e  o f  t h e i r  f a m i l y  i s  p r e s e n t e d  i n  F i g u r e  4 .  B o t h  t w i n s  
had t e r m i n a l  g a p s  and i s o g a p s  on ch rom osome # 6 ( F i g u r e  5 ) ,  b u t  no 
f r a g i l e  X c h r o m o s o m e s  w e r e  f o u n d .
2 1
T a b l e  I
C y t o g e n e t i c  a n a l y s i s  o f  F a m i l y  FP22*
C a s e  # o f  C e l l s  F r a  X %Fra X O t h e r  g a p s
FP22 50  14 28 37
FP22M 50  1? 2? 3
FP22S 50 1 2 14
F P 2 2 S * *  17 4 23 4
^ r e s u l t s  o f  5% GIBCO FBS i n  Medium 199 a t  1 / 2  hr c o l c e m i d  t r e a t m e n t  
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F i g .  1 .  V a r i a b l e  a p p e a r a n c e  o f  G i e m s a  s t a i n e d  f r a g i l e  
f r o m  c a s e  FP22 ( # ' s  1 - 6 ) ,  and Q - b a n d e d  l a t e  
( #  8 )  r e p l i c a t i n g  f r a g i l e  X ' s  from c a s e  F P 2 2 S .
c h r o m o s o m e s  







F i g . I. G ie m s a  s t a i n e d  f r a g i l e  X ch rom osome from c a s e  FP20 (#  1 ) ,  and 
G iem sa  s t a i n e d / Q - b a n d e d  f r a g i l e  #6 ch rom osom e ( / / " s  2 and 3 ,  
r e s p e c t i v e l y ) .
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F i g .  3 .  T r i r a d i a l  f o r m a t i o n  ( # ^ s  1 and 2 )  o f  a  B and A g r o u p
c h r o m o s o m e ,  r e s p e c t i v e l y .  F r a g i l e  C g r o u p  c h r o m o s o m e s  #6 and  
#8 ( # ' s  2 and 3 ,  r e s p e c t i v e l y ) .  A l l  c h r o m o s o m e s  a r e  from
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F i g .  4 .  P e d i g r e e  o f  F a m i l y  F P 1 8 / 1 9 .  P a t t e r n  o f  X - l i n k e d  m e n t a l  
r e t a r d a t i o n  i s  shown b y  m e n t a l l y  r e t a r d e d  a n d / o r  "s lo w "  
m a t e r n a l  f i r s t  c o u s i n s .  M R = m e n t a l ly  r e t a r d e d ;  * = " s e v e r a l "  
r e p o r t e d  t o  h a v e  l e a r n i n g  d i s a b i l i t i e s ;  and A = a u t i s t i c  







R e p r e s e n t a t i v e  G i e m s a  s t a i n e d  f r a g i l e  #6 c h r o m o s o m e s  from  
c a s e s  FP18 ( # ' s  1 and 2 )  and FP19 ( #  3 ) .  T h e s e  c h r o m o s o m e s
w e r e  p o s i t i v e l y  i d e n t i f i e d  by  s u b s e q u e n t  Q - b a n d i n g .
/  • 
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DISCUSSION
F r a g i l e  X - l i n k e d  m e n t a l  r e t a r d a t i o n  i s  p a r t  o f  a  h e t e r o g e n e o u s  
g r o u p  o f  X - l i n k e d  d i s e a s e s  w h i c h  a r e  n o t  a s s o c i a t e d  w i t h  s e v e r e  
p h y s i c a l  d e f e c t s  o r  known b i o c h e m i c a l  a b n o r m a l i t i e s .  The d e t e c t i o n  o f  
t h e  f r a g i l e  X c h r o m o s o m e ,  m a i n l y  i n  p a t i e n t s  w i t h  p o s t p u b e r t a l  
m a c r o o r c h i d i s m ,  a r a n g e  o f  m e n t a l  r e t a r d a t i o n ,  and c h a r a c t e r i s t i c  
f a c i e s  h a s  p r o v e n  u s e f u l  f o r  s e p a r a t i n g  t h i s  s u b g r o u p  from  w h a t  i s  
g e n e r a l l y  r e f e r r e d  t o  a s  n o n s p e c i f i c  X - l i n k e d  m e n t a l  r e t a r d a t i o n  (Dunn  
e_t aJL. , 1 9 6 3 ;  L u b s ,  1 9 6 9 ;  J a c o b s  e t  afL. , 1 9 8 0 ;  T u r n e r  e_t a l .  , 1 9 8 0 a ;  
H e r b s t ,  1 9 8 0 )  .
The p r e s e n t  s t u d y  w a s  d e s i g n e d  t o  e s t i m a t e  t h e  f r e q u e n c y  o f  th e  
f r a g i l e  X ch rom osom e i n  b o t h  m a l e  an d  f e m a l e  a u t i s t i c s  among 23 c a s e s ,  
some w i t h  m e n t a l  r e t a r d a t i o n  o f  unknown o r i g i n .  T h i s  s e r i e s  was  n o t  
s e l e c t e d  b a s e d  on a  f a m i l y  h i s t o r y  o f  m e n t a l  r e t a r d a t i o n  b u t  was  b i a s e d  
due t o  a s c e r t a i n m e n t  p r o b l e m s .  I t  i s  e s t i m a t e d  t h a t  50% o f  t h e  
c o n t a c t e d  f a m i l i e s  e n r o l l e d  t h e i r  a u t i s t i c  c h i l d r e n  o r  y oung  a d u l t s  i n  
t h i s  s t u d y .  I t  i s  s u s p e c t e d  t h a t  t h e r e  may h a v e  b e e n  a h i g h e r  
f r e q u e n c y  o f  e n r o l l m e n t  f ro m  more h i g h l y  i n t e l l i g e n t ,  more highly 
e d u c a t e d ,  a n d / o r  more h i g h l y  m o t i v a t e d  p a r e n t s .  T h u s ,  t h e  p r e s e n t  
s a m p l e  i s  b i a s e d  i n  t h a t  i t  i s  l e s s  l i k e l y  t o  I n c l u d e  families with 
l o w e r  o v e r a l l  i n t e l l i g e n c e  w h i c h  may be due  to g e n e t i c  f a c t o r s .  
D e s p i t e  this bias, the a s c e r t a i n e d  sample i s  probably closer to a 
random s a m p le  th a n  the sample o f  Brown et a l .  (1982a).
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_5a
The p r e s e n t  sa m p le  o f  a u t i s t i c s  i n c l u d e d  19 m a l e s  and 4 f e m a l e s .  
Of t h e s e ,  1 9 ,  ( 1 5  m a l e s ,  4 f e m a l e s )  w e r e  t y p i c a l  a u t i s t i c s .  Four m a l e s  
w e r e  somewhat  a t y p i c a l  i n  t h a t  t h e i r  l a n g u a g e  d e v e l o p m e n t  wa s  
r e l a t i v e l y  e x t e n s i v e  and b e h a v i o r  d i s o r d e r s  w e re  l e s s  s e v e r e .  Of t h e s e  
a t y p i c a l  a u t i s t i c s ,  o n e  m a l e  had t h e  c h a r a c t e r i s t i c  f a c i e s ,  m e n t a l  
r e t a r d a t i o n ,  and m a c r o o r c h i d i s m  a s s o c i a t e d  w i t h  t h e  F r a g i l e  X S y nd ro m e .
T h i s  a t y p i c a l  a u t i s t i c  m a l e  (F P 2 2 )  wa s  t h e  o n l y  p o s i t i v e  c a s e  i n  
t h e  23 a u t i s t i c s  e x a m i n e d  f o r  t h e  p r e s e n c e  o f  t h e  f r a g i l e  X ch ro m o s o m e .  
The f r e q u e n c y  o f  t h e  f r a g i l e  X ch rom osome r a n g e d  fr o m  4-28% o f  c e l l s  
d e p e n d i n g  on c u l t u r e  c o n d i t i o n s .  T h i s  f r e q u e n c y  r a n g e  i s  c o m p a r a b l e  
w i t h  t h e  r a n g e  o f  24-38% r e p o r t e d  by Brown e t  a l . ( 1 9 8 2 a )  i n  h i s  s t u d y
o f  f o u r  a u t i s t i c  m a l e s .  The f r e q u e n c i e s  o f  t h e  f r a g i l e  X chromosome  
f o u n d  i n  c e l l s  c u l t u r e d  i n  199-5% GIBCO FBS ( b o t h  w i t h  2 and 1 / 2  hr  
c o l c e m i d  t r e a t m e n t )  a r e  s i m i l a r  to  t h o s e  fo u n d  i n  199-10% GIBCO FBS 
( b o t h  2 and 1 / 2  hr c o l c e m i d ) .  The f r e q u e n c y  o f  t h e  f r a g i l e  X 
chromosom e i s  s i g n i f i c a n t l y  h i g h e r  i n  t h e  5% SS FBS a s  com pared  t o  t h e  
10% SS FBS.  When t h e  GIBCO FBS i s  c om pared  t o  t h e  SS FBS t h e  
d i f f e r e n c e s  i n  f r a g i l e  X f r e q u e n c i e s  a r e  s i g n i f i c a n t  o n l y  when t h e  two 
d i f f e r e n t  s e r a  a t  t h e  10% c o n c e n t r a t i o n  a r e  c o m p a r e d .  T h e s e  r e s u l t s  
s u g g e s t  t h a t  a c o n s i s t e n t  l o t  o f  FBS s h o u l d  be u s e d  f o r  f r a g i l e  X 
d e t e r m i n a t i o n  i n  medium 1 9 9 .  R e d u c t i o n  o f  t h e  p e r c e n t  s e r a  u s e d  d o e s  
n o t  a p p e a r  to  b e  e s s e n t i a l  when c o m p a r in g  5% v e r s u s  10% GIBCO FBS,  b u t  
i s  e s s e n t i a l  when c o m p a r i n g  5% v e r s u s  10% SS FBS ( t h e  l o w  f o l a t e  s e r a ) .  
The 5% SS FBS y i e l d s  a s i g n i f i c a n t l y  h i g h e r  f r a g i l e  X f r e q u e n c y .  I n  a 
s u b s e q u e n t  s t u d y  o f  th e  f a m i l y  o f  c a s e  F P 2 2 ,  h i s  i n t e l l e c t u a l l y  and  
p h y s i c a l l y  n o r m a l  s i s t e r  ( F P 2 2 S )  w as  found  to  be a c a r r i e r  o f  th e  
F r a g i l e  X S y n d ro m e ,  b u t  o n l y  a f t e r  t r e a t m e n t  o f  c u l t u r e d  l y m p h o c y t e s
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w i t h  MTX and BUdR according to Nielsen et al. ( 1 9 8 2 ) .  The fragile X 
ch rom os ome c o u l d  not be conclusively demonstrated in their mother 
(FP22M) who i s  39 y e a r s  o f  a g e  and both intellectually and physically 
n o r m a l .  On c y t o g e n e t i c  g r o u n d s ,  t h e  d i a g n o s i s  o f  c a r r i e r  status for 
t h e  m o t h e r  i s  t h e r e f o r e  t e n a t i v e  a t  b e s t .  H o w e v e r ,  g i v e n  t h a t  b o t h  o f  
h e r  o f f s p r i n g  h a v e  t h e  f r a g i l e  X, i t  i s  r e a s o n a b l e  t o  c o n c l u d e  t h a t  s h e  
i s  a n  o b l i g a t e  c a r r i e r .  T h e s e  r e s u l t s  d e f i n i t e l y  s u g g e s t  t h e  n e c e s s i t y  
o f  t h e  MTX-BUdR t r e a t m e n t  f o r  i n t e l l e c t u a l l y  n o r m a l  c a r r i e r  f e m a l e s .
F o r  c a s e  F P 2 0 ,  a f e m a l e  a u t i s t i c ,  o n e  f r a g i l e  X ch romosom e w a s  
f o u n d  i n  a t o t a l  o f  325  c e l l s .  S i n c e  a t o t a l  o f  34 o t h e r  g a p s  and  
i s o g a p s  w e r e  s e e n ,  i t  i s  r e a s o n a b l e  to  s u s p e c t  t h a t  t h i s  o n e  ga p  may be  
a s o - c a l l e d  "random gap" and n o t  a t r u e  f r a g i l e  X. H e r b s t  e t  a l .  
( 1 9 8 1 )  s p e c u l a t e  t h a t  o c c a s i o n a l  random b r e a k s  o c c u r  d ue  to  c u l t u r e  
c o n d i t i o n s .  N o n e t h e l e s s ,  a r e p e a t  s a m p l e  w a s  o b t a i n e d ,  and t h e  
MTX-BUdR t e c h n i q u e  w a s  u s e d  and no a d d i t i o n a l  f r a g i l e  X c h r o m o s o m e s  
w e r e  s e e n .  C ase  FP20 i s  t h e r e f o r e  c o n s i d e r e d  t o  b e  f r a g i l e  X n e g a t i v e .
It is more difficult to detect the fragile X chromosome in females 
than in males. Studies comparing the age and intelligence of carriers 
with their fragile X frequency (Jacobs et al. , 1 9 8 0 ;  Howard-Peebles, 
1 9 8 3 ;  Chudley et al. , 1 9 8 2 )  and studies of the inactivation status of 
fragile X chromosomes (Ilecht et al., 1 9 8 2 ;  Uchida and Joyce, 1 9 8 2 ;  
Nielsen et al. , 1 9 8 3 ;  and Howell and McDermott, 1 9 8 2 )  all suggest a 
general pattern: there is an Inverse relationship between the
frequency of positive cells and both age and intelligence. Also, the 
fragile X is more frequently the active X in retarded carriers than in 
more intelligent carriers. Chudley et al . ( 1 9 8 3 )  clearly demonstrated
that in some carriers a lower expression of the fragile X was
s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  h i g h e r  i n t e l l i g e n c e .
I t  a l s o  a p p e a r s  t h a t  d e t e c t i o n  o f  t h e  f r a g i l e  X chrom osome i n  some 
m a l e s  i s  a p r o b l e m .  S o u d ek  and McGregor ( 1 9 8 1 )  o b s e r v e d  f a m i l i e s  w i t h  
a p e d i g r e e  s u g g e s t i v e  o f  X - l i n k e d  m e n t a l  r e t a r d a t i o n ,  y e t  f r a g i l e  X 
ch ro m o s o m es  c o u l d  n o t  b e  d e t e c t e d  i n  m a l e s .  T hey  c o n c l u d e  t h a t  th e  
d i a g n o s i s  o f  X - l i n k e d  m e n t a l  r e t a r d a t i o n  may b e  c o n f i r m e d  b y  t h e  
p r e s e n c e  o f  t h e  f r a g i l e  X ch ro m o s o m e ,  b u t  t h a t  i t s  a b s e n c e  d o e s  n o t  
e x c l u d e  t h i s  c o n d i t i o n .  O p i t z  and S u t h e r l a n d  ( 1 9 8 4 )  s u g g e s t  t h a t  th e  
F r a g i l e  X S y n d r o m e ,  known a l s o  a s  t h e  M a r t i n  B e l l  Syndrome (MBS),  
(named a f t e r  M a r t i n  and B e l l ,  1 9 4 3 )  s h o u l d  be c o n s i d e r e d  t o  h a v e  two 
f o r m s :  F r a g i l e  X - P o s i t i v e  MBS and F r a g i l e  X - N e g a t i v e  MBS. C ase  # " s
F P 1 8 / 1 9 ,  a p a i r  o f  m o n o z y g o t i c  t w i n  m a l e s ,  w e r e  f r a g i l e  X n e g a t i v e  w i t h  
a p e d i g r e e  s u g g e s t i v e  o f  X - l i n k e d  i n h e r i t a n c e .  B o t h  h a v e  t h e  f a c i e s  
and e a r s  s u g g e s t i v e  o f  th e  MBS. They t h e r e f o r e  may h a v e  F r a g i l e  
X - N e g a t i v e  MBS.
The r e m a i n i n g  c a s e s  w e re  a l l  f r a g i l e  X n e g a t i v e  and l a c k e d  
p h y s i c a l  s t i g m a t a  o f  t h e  F r a g i l e  X S y nd ro m e .  O t h e r  g a p s  and i s o g a p s  
w e r e  f o u n d  on many a u t o s o m e s .  S t e i n b a c h  e t  a l . ( 1 9 8 2 )  c o n s i d e r s  t h e s e
a n o n s p e c i f i c  r e s p o n s e  due  to  e i t h e r  f o l a t e  o r  t h y m i d i n e  d e f i c i e n c y .  
Marked d i f f e r e n c e s  b e t w e e n  i n d i v i d u a l s  i n  t h e  f r e q u e n c y  o f  s u c h  damage  
w e r e  o b s e r v e d .  As shown i n  T a b l e  2 ,  c a s e s  F P 4 , F P 1 7 , FP17M, FP17F,  and  
FP23 a l l  had a h i g h  l e v e l  o f  g a p s  and i s o g a p s  when com pared  t o  th e  
r e m a i n i n g  c a s e s .  The p o s s i b l e  c o n s e q u e n c e s  o f  a u t o s o m a l  f o l i c  a c i d  
s e n s i t i v e  f r a g i l e  s i t e s  h a v e  b e e n  t h e  s u b j e c t  o f  much s p e c u l a t i o n .  
S u t h e r l a n d  ( 1 9 8 2 )  s u g g e s t e d  ( b a s e d  on s m a l l  seimple s i z e s )  t h a t  
a u t o s o m a l  f r a g i l e  s i t e s  may be more common among m e n t a l  r e t a r d a t e s  th an  
among u n s e l e c t e d  i n d i v i d u a l s .
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The exact nature of the fragile site Xq27 and its relationship to 
the mental retardation is not known. However, there is a general 
agreement that either a folate deficiency or resulting thymidylate 
depletion is responsible for fragile X expression (Sutherland, 1 9 7 9 a ;  
Tommerup et al., 1 9 8 1 ;  Glover, 1 9 8 1 ;  Krumdieck and Howard-Peebles, 
1 9 8 3 ) .  Others have reported beneficial effects of folic acid treatment 
in improving the behavior of mentally retarded patients (ranging from 
psychotic to autistic) with the fragile X chromosome (Lejeune, 
1 9 8 1 , 1 9 8 2 ;  Brown et al, 1 9 8 2 ;  Carpenter et al., 1 9 8 2 ;  Hagerman et
al. , 1 9 8 3 )  .
The basic question of whether X chromosome breakage indirectly 
perturbs folic acid metabolism as a consequence of the loss of genes 
distal to the fragile site, or alternatively, whether a disturbance of 
folic acid metabolism potentiates the expression of fragility remains 
unanswered. It is also not clear if the gene responsible for the 
clinical syndrome is at the locus of the fragile site. Linkage studies 
(Mareni and Migeon, 1 9 8 1 ;  Filippi et _al., 1 9 8 3 )  indicate that the 
genes for glucose-6-phosphate dehydrogenase (G6PD) and hypoxanthine 
phosphoribosyltransferase (HPRT) are located in the region of the 
fragile site. Camerino et al. ( 1 9 8 3 )  have shown that the fragile site 
and the haemophilia B loci are closely linked using restriction 
polymorphisms. Such studies cannot however prove identity of the locus 
of the gene and the fragile site.
This question is central to the interpretation of Fragile 
X-Negative MBS. If the gene responsible for the clinical syndrome is 
at the locus of the fragile site there must be two abnormal alleles. 
One leads both to a disruption of folic acid metabolism resulting in
.38
t h e  t y p i c a l  c l i n i c a l  m a n i f e s t a t i o n  and f r a g i l i t y  w h i l e  t h e  o t h e r  a l l e l e  
o n l y  d i s r u p t s  m e t a b o l i s m .
A l t e r n a t i v e l y ,  t h e  a l l e l e  w h i c h  d i s r u p t s  f o l i c  a c i d  m e t a b o l i s m  may 
b e  a t  a l o c u s  o t h e r  t h a n  t h e  Xq27 f r a g i l e  s i t e  and g e n e t i c  
h e t e r o g e n e i t y  i s  p r e s e n t  a t  t h e  f r a g i l e  s i t e .  I n  t h e  p r e s e n c e  o f  t h e  
m u t a n t  a l l e l e  w h i c h  c a u s e s  t h e  MBS, one a l l e l e  a t  Xq27 e x h i b i t s  
f r a g i l i t y  w h i l e  t h e  o t h e r  a l l e l e  i s  s t a b l e .  B o t h  a l l e l e s  w o u l d  be  
s t a b l e  i n  t h e  a b s e n c e  o f  t h e  a l l e l e  f o r  MBS ( H o eg e rm a n  and R a r y ,  1 9 8 4 )  . 
R e c o m b i n a t i o n  b e t w e e n  t h e  two l o c i  i n  a d o u b l y  h e t e r o z y g o u s  f e m a l e  
m i g h t  a c c o u n t  f o r  t h e  p r e s e n c e  s o n s  w i t h  MBS who a r e  d i s c o r d a n t  f o r  t h e  
p r e s e n c e  o f  t h e  f r a g i l e  X. Such  a f a m i l y  w a s  f o u n d  by  Lubs  ( 1 9 8 3 ) .  
A d d i t i o n a l  s u p p o r t  f o r  s u c h  a two l o c u s  m o d e l  co m es  fr om t h e  f i n d i n g s  
o f  S t e i n b a c h  e t  a l . ( 1 9 8 3 )  who c l o n e d  f i b r o b l a s t s  from o b l i g a t e
f r a g i l e  X h e t e r o z y g o t e s .  D e r i v e d  l i n e s  e i t h e r  e x p r e s s e d  f r a g i l i t y  i n  a 
m o d e r a t e  p e r c e n t a g e  o f  c e l l s  o r  w e r e  f r a g i l e  X n e g a t i v e .  They  
s u g g e s t e d  t h a t  t h e  l i n e s  e x p r e s s i n g  f r a g i l i t y  h a v e  an a c t i v e  X 
chrom osome b e a r i n g  an  a b n o r m a l  a l l e l e  w h i c h  a l t e r s  c e l l u l a r  m e t a b o l i s m .  
T h i s  a l l e l e  i s  on  t h e  i n a c t i v e  X i n  t h e  f r a g i l e  X n e g a t i v e  l i n e s .  
S t e i n b a c h  e_t aM. a r g u e  t h a t  s i n c e  e i t h e r  t h e  a c t i v e  o r  i n a c t i v e  X may 
e x h i b i t  f r a g i l i t y  when t h e  a b n o r m a l  a l l e l e  i s  on  t h e  a c t i v e  X, t h e  
e x p r e s s i o n  o f  f r a g i l i t y  i s  o n l y  a p h e n o t y p i c  m a n i f e s t a t i o n  o f  a m u t a n t  
a l l e l e  a t  a n o t h e r  l o c u s .
I n  t h i s  s t u d y  o f  23 a u t i s t i c s ,  o n l y  o n e  m a l e  w a s  f r a g i l e  X 
p o s i t i v e  and  o n e  p a i r  o f  m o n o z y g o t i c  t w i n s  tnay h a v e  F r a g i l e  X - N e g a t i v e  
MBS. A s s u m i n g  t h a t  t h e y  d o ,  th e  p r e v a l e n c e  o f  M a r t i n - B e l l  Syndrome  
among t h e  s a m p l e d  a u t i s t i c s  w o u l d  be 2 / 2 2  o r  9%, c o u n t i n g  th e  t w i n s  a s  
one i n d i v i d u a l .  T h i s  c l e a r l y  i n d i c a t e s  t h a t  t h e  MBS, o r  s i m i l i a r
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s y n d r o m e s ,  a r e  n o t  a s  common among a u t i s t i c s  a s  w a s  s u g g e s t e d  by Brown 
e t  a l . ( 1 9 8 2 a )  who f o u n d  f r a g i l e  X c h r o m o s o m e s  i n  f o u r  o f  f o u r  
a u t i s t i c  m a l e s .  Brown e t  a l .  s u g g e s t e d  t h a t  a l l  m a l e s  w i t h  a u t i s m  o f  
unknown e t i o l o g y  b e  s c r e e n e d  f o r  t h e  f r a g i l e  X c h r o m o s o m e .  S i n c e  i t  
now a p p e a r s  t h a t ,  a t  l e a s t  a m o n g s t  W h i t e s ,  t h e r e  i s  a  c h a r a c t e r i s t i c  
f a c i e s  a s s o c i a t e d  w i t h  t h e  F r a g i l e  X S y n d r o m e ,  c y t o g e n e t i c  e v a l u a t i o n  
s h o u l d  b e  l i m i t e d  t o  t h o s e  i n d i v i d u a l s  w i t h  t h e  p h y s i c a l  f i n d i n g s  
c h a r a c t e r i s t i c  o f  t h e  s y n dr o m e a n d / o r  a f a m i l y  h i s t o r y  s u g g e s t i v e  o f  
X - l i n k e d  r e t a r d a t i o n .
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